Abstract. Over the years, the network of construction project participants has expanded immensely. Clients have more stringent requirements due to increasing project complexity, difficulties with interaction and coordination, and uncertainties among various stakeholders. Emergent issues can bring many uncertain risks to the project execution process and yet the body of knowledge in this area, as applied to the Singapore construction environment, is insufficient. Therefore, the main objective of this study is to identify critical network risks extant in the industry in order to attain a better understanding of the attitudes of stakeholders towards network risk management. Thirtythree construction companies participated in a survey developed for this study and the analysis of the responses identified ten top critical network risks and the stakeholders who most contribute to these risks. The findings from this study will help the industry to promote a healthy working relationship among stakeholders, and will further facilitate collaboration within the project network.
Introduction
The construction industry project environment is constituted of stakeholders from different disciplinary fields, and each of them is driven to accomplish their own works. Nonetheless, there is a high level of interdependency among these stakeholders as they are closely connected with one another in the project network (Shirazi et al. 1996) . Cleland (1999) argued that in order to ensure the successful completion of project deliverables, it is crucial to adopt effective and efficient relationship management processes for the parties in the project network. Implementing the processes for managing relationship among project 1. Background
Construction project network
The construction industry is constituted of a high number of different project participants who have distributed responsibilities. The result is a complex network organization in the project environment. In fact, the overall complexity is significant due to the multi-cultural, multi-social, multi-location, multi-disciplinary, and multi-organizational nature of the project participants (Schwegler et al. 2001; Nayak, Taylor 2009; Chinowsky et al. 2010; Wong et al. 2010; Park et al. 2011) . Contractors in the construction industry typically subcontract significant portions of the project to special trade contractors (Eccles 1981) . Subcontracting increases the number of players in the construction network and the coordination of all the specialized and differentiated tasks required to complete a construction project leads to the need for more intense interaction between the players (Shirazi et al. 1996) .
According to Mitchell et al. (1997) , a project stakeholder is a person or a group of people who has a vested interest in the overall success of a project and the environment within which the project functions. Expectations of stakeholders are generally a combination of functionality, aesthetics, culture, technology, cost and quality. The main parties who ensure that such requirements can be achieved include the design consultant, contractor, subcontractor, project manager, supplier, and sometimes, coordination consultancy. Due to the different needs of stakeholders, which often are in conflict with one another, it is almost impossible to meet the expectations of all the stakeholders in a project network (McManus 2002) . As a result, stakeholders can be considered one of the major network risks and it is thus crucial to evaluate which expectations and needs of stakeholders have to be prioritized and fulfilled.
Management of project network
The level of information that is transferred among different stakeholders is closely connected with the level of information dependencies among these project players. According to Pekericli et al. (2003) , there are several aspects that must be considered to ensure the reliability of transferred information and to effectively model the information dependencies between these agents. These aspects include sensitivity, timing, and frequency of communication. Sensitivity is the most critical characteristic as it determines the level of information detail that a party needs in order to perform well in the construction process. It also reflects how information transfer can directly or indirectly affect others. The timeliness of information delivery is also crucial as it is an indicator of reliability. Information that is not delivered on-time may be outdated or may change, thus its reliability may be affected negatively. Frequency of communication is an indicator of the strength of connection amongst the project players. Frequent communication helps ensure that critical content is conveyed in time across the whole construction network. It is essential for management to correctly ascertain the requirements for an effective communication infrastructure to ensure that these three characteristics are fulfilled.
Given the fact that omissions and information inaccuracies are among the major causes of problems in construction (Howell, Ballard 1997) , it follows that the success of a construction project hangs on well-managed, precision conveyance of information within the network. As suggested by Thomas (2000) , greater use of information technology results in better project performance. Furthermore, the selection of formal and appropriate communication tools and systems to address expectations of stakeholders is crucial. Kazi et al. (2009) suggested that there are eight criteria, namely Cost, Reliability, Security, Scalability, Mobility, Ease of Installation and Management, Application Services and Use, and Overall Performance for assessing the performance of communication tools, and their suitability for the construction organization.
In addition, the partnering process establishes a positive working relationship among stakeholders in the project network through a mutually-developed, formal strategy of com-mitment and communication. As defined by the Construction Forum (1995), partnering is a management approach that is effective in achieving specific objectives by two or more organizations. The fundamental principal of this approach is to encourage stakeholders in a project network to work together in an environment of trust and openness to ensure the feasibility of the construction project. It is based upon mutual objectives and an agreed method of resolving disputes while supporting continuous improvement (Bennet, Jayes 1995) .
Social network mapping is another useful tool to effectively visualize the power and influence patterns of stakeholders in a construction project network (Bourne, Walker 2005; Park et al. 2011) . It works by arranging stakeholders in a hierarchy and analyzing each of the stakeholder's position as an influencer and shaper of ideas and opinions. Communities of Practice (COPs) also help people in a network to collaborate with one another to solve problems as well as to share their knowledge (Love 2009 ). It is a powerful influencing mechanism due to the intrinsic trust that is built within them. Nonetheless, such a technique is often scarcely visible in the stakeholder network where parallel concerns are shared and interacting on an ongoing basis is essential (Wenger 1998) . In a COP, stakeholders are brought together as they work on common activities and as they need mutual engagement in these activities to achieve project success.
SHAMPU, which stands for Sharpness, Harness, and Managing Project Uncertainty, is a generic project risk management process framework which provides a useful structure in identifying and managing stakeholder's uncertainty in a coherent and a comprehensive manner (Chapman, Ward 2003) . The most critical management uncertainty issues are usually caused by the complex relationships and differing concerns of key stakeholders. Therefore, it is essential to maintain a comprehensive list of all project participants who may prove central to the project. It is also useful to define and classify relevant stakeholders in the project network who have a direct impact or interest in the project (Mitchell et al. 1997 ).
Common project network risks in the construction industry

Different interests and opinions
Tasks in projects are typically divided according to each field's functional discipline and consequently each operates quite independently. This results in actors developing their own objectives, goals and value systems without consideration for the impact on others or the effects on project performance (Love et al. 1999) . These actors can influence the project's shape and progress and inadequate management of the concerns and interest of each stakeholder can result in conflicts and controversies during the implementation of the construction project (Ward, Chapman 2008 ).
Lack of trust and commitment
Most of the time, the role of the individual actor is defined in the contracts, but instead of utilizing these agreements to build alignment for example, contract forms seem to be used more often as instruments to assign liability and attach blame as negative events occur (Cox, Thompson 1997) . This can result in parties losing trust among one another. Without sufficient mutual trust, it is difficult for stakeholders to operate in an open environment, resulting in lack of commitment (Girmscheid, Brockmann 2010 ).
Different organization styles
Network risk can also occur internally. As suggested by Horii et al. (2005) , different organization styles coupled with different micro level employee behavior patterns can affect productivity, which can in turn pose a threat to the internal network. The best employee behavioral style is the one that matches the organizational style implemented. English (2002) suggested that foreign companies that are established in Singapore encounter communication issues due to differences in language and culture. The construction industry employs a great number of players and it is inevitable that people from different cultures will work together at times. In a survey of construction professionals with international project experience, it was discovered that cultural difference among professionals contributed to most disputes. In addition, several researchers proved that the differences in cultural contexts still exist in collaborations, resulting in boundaries within projects teams that can prohibit knowledge transfer (Chen et al. 2009; Levina, Vaast 2008; Ozorhon et al. 2008; Di Marco et al. 2010 ).
Different cultural norms
Different work practices
Insufficient skills to handle interactions with stakeholders from foreign countries in the construction network can lead to increased risks in completing projects on schedule, under budget and within quality specifications. It is important to understand how to manage working with foreign partners and their work practices in order to avoid risks such as unanticipated cultural conflicts, contract misunderstandings, technology interoperability problems, misaligned work practices and communication issues (Nayak, Taylor 2009 ).
Occurrence of disputes
Construction network risk mainly involves the stakeholders and is a major source of uncertainty in a construction project. When stakeholders have a negative attitude towards the construction project, its implementation can be severely obstructed, which will in turn lead to other risks such as cost and schedule overruns. When the interests and concerns of stakeholders in the network are not well-taken care of, disputes are inevitable (McIntosh, McCable 2003 ).
Dynamic changes encountered in the project network
Stakeholders can influence a project at different stages of the project life cycle and the amount of power that each stakeholder possesses differs as well. Changes in relationships between different stakeholders at different stages of the construction project can be difficult to track and manage.
Extensive subcontracting leading to increased network complexity
The construction industry is constantly challenged by risk because of the complexity, dynamic characteristics and inherent uncertainties in the construction process (Al-Bahar, Crandall 1990; Flanagan, Norman 1993; Hwang et al. 2014; Zhao et al. 2013) . For instance, hiring sub-contractors to undertake work can pose a risk because the main contractor might lose control over sub-contractor activities (Bova 1995) . When changes occur, several parties are often affected and there is a need for them to interact with one another in order to arrive at a compromised decision. However, a wide project network as well as schedule constraints make such alignment difficult. On the other hand, modifications sometimes provide significant opportunities for joint learning, which can create a breeding ground for a positive network effect (Klemetti 2006 ).
Lack of risk management knowledge
When managers lack formal risk management knowledge, project risks cannot be managed systematically. Without this knowledge, procedures to identify possible risks and prevent them from occurring are not in place. Existing risk management methods in today's construction industry might not be flexible enough to fit the dynamics of a construction project, however. It is important for managers to continuously learn the latest risk management techniques available in order to meet the ever-changing needs of the construction industry (Klemetti 2006 ).
Lack of experience
The talent and education level of stakeholders in the network varies significantly. This can directly affect the quality and productivity of the work. The amount of time that is spent on identifying risks and preparing for possible problems that might occur may not be wellunderstood by people who have just entered the industry (Klemetti 2006 ).
Incomplete Dissemination of Information
When needed information is not disseminated to stakeholders in the project network, misunderstandings can lead to a delay in project completion. Causes for incomplete information can range from failure to turn up for the right meeting to using an inefficient communication technology (Klemetti 2006 ).
Subcontractor's subcontracting
Subcontracting is another construction project risk as one can never be completely certain who will actually perform the work. This situation is exacerbated if the subcontractor subcontracts the work out without informing the main contractor. Important information may not be delivered to the subcontractor's subcontractor as they are not officially part of the project network (Klemetti 2006 ).
Methodology
The literature review provided a foundational understanding on the current practice of network management, the potential network risks that are present, and the project network risk management techniques that are available in the construction industry. It served as a solid basis for the development of a survey questionnaire and the interpretation of the results. The main purpose of the survey was to investigate the current status of network management and to identify the network risks most widely faced by the Singapore construction industry. The first section of the questionnaire recorded the profile for each of the respondents participating in the survey. The second section posed questions aiming to identify which stakeholder in the project network has the highest influence on project success and which stakeholder most contributes to uncertainty in a project. Also, project communication effectiveness within the network was included in the questionnaire because a wide network requires a stable and appropriate communication system in order to perform well. Causes of communication difficulty were listed in the questionnaire for respondents to rank. The next section of the survey included a set of questions capturing current network management practices used within the respondents' companies while the last section was focused on identifying a set of critical risk factors affecting the project network.
The survey questionnaire was sent out to construction companies registered under the Building Construction Authority (BCA) registry. The survey targeted contractors and subcontractors as it is common practice for primary contractors to outsource work functions to sub-contractors specialists. This is a major cause of the expanding project network and contributes to its complexity and concurrent network risks. While there are more than contractors and subcontractors that involve a project, including owners, designers, consultants, etc, this study focused only on the perspectives of contractors and subcontractors to provide a comprehensive and profound analysis on how these two parties contribute to the project network and what types of network risks are perceived most by the parties.
The data collection effort produced 33 completed questionnaires from 33 different companies. The survey asked each participating company to complete the questionnaire by assigning a representative with sufficient knowledge and experience in the operations and work processes of the company. Of the companies who participated in the survey, 82% were contractors (26) and the rest were subcontractors (7). All the contractors were general (main) contractors in charge of the entire construction process of projects, while the business scope of the subcontractors involved excavation, structure, mechanical and electrical works. Most of the surveyed companies (19) had more than 150 employees (150-250) twelve companies employed from 251 to 350, five companies employed from 351 to 500 and one employed greater than 500 people. A total of 65% of the respondents (22) had at least 15 years of experience in the construction industry.
Data analysis and discussions
Stakeholders in the construction project network
Stakeholders are key to the successful management of a complex project network. Consequently, it is important to understand their involvement in order to create a strong foundation for the data analysis, covered in the later sections. Table 1 illustrates the frequency of communication among stakeholders and pinpoints the ones who are most often contacted by other project participants in construction projects. For this study, contractors indicate general contractors who make contracts directly with clients and who are in charge of the entire construction of projects, while subcontractors indicate ones who work for general contractors under contracts made with general contractors. Furthermore, project managers are the ones hired by clients or general contractors for project management or construction management, respectively.
Each respondent was given a maximum of three choices to select the parties with whom they are required to work closely. The results show that the designer, subcontractor and project manager are the most frequent parties with whom respondents need to constantly communicate in the project network to ensure the smooth delivery of the end product. It is important to note that the respondent group was limited to contractors and subcontractors, which constitutes part of the reason for this results pattern.
The analysis revealed active communication with designers. This may be because designers often emphasize aestheticism while contractors pay more attention to the constructability of the project. This leads to the need for both parties to coordinate and compromise with each other frequently to produce a final product which satisfies the concerns of both, and most importantly, the client. Also, as argued by Eccles (1981) , because extensive subcontracting is now a common practice, frequent contact with subcontractors is common. The project manager is usually the representative of the client, so contractors look to them to discuss matters on construction and the expectations of the client. The working relationships among these stakeholders form an inter-connected, complex network. Table 1 provides the degree of influence that each stakeholder has on the success of a project. It shows that respondents reported that designers and contractors play an important role in delivering the project. This result might be expected because designers and contractors are the two main bodies in charge of the final outcome of the project.
Critical activities that are not adequately accomplished impact on the schedule, budget and quality requirements expected by the client. As shown in Table 1 , the respondents reported that designers might be the one of the stakeholders responsible for the most critical activities. Although the result was based on the perception of only the contractors and subcontractors surveyed for this study, it can be seen that without an accurate, comprehensive design, the parties in the network may not be assured of the exact scope of their work. Furthermore, late changes may cause rework which contributes to wastage of resources. The construction process is the primary component of the construction project and requires the most money and longest duration, compared to the rest of the processes. During the construction process, numerous activities are involved and any delay in critical activities affect the entire construction schedule. As a result, it is not surprising that contractors are placed as the second most liable stakeholder in Table 1 . Uncertainties contributed by stakeholders cause risks throughout the project network. It is important to identify the stakeholders who contribute the most uncertainty to a construction project. As presented in Table 1 , designers were reported to be the top source that contributes to uncertainty, followed by subcontractors. Considering that designers determine the construction design and any changes to the design can lead to changes that affect contractors, this result would be expected.
Construction project network risks
After the literature review, 20 project networks risks were identified and included in the survey questionnaire. The details of the risks were discussed previously in the Background section and are summarized below in Table 2 . After collating the survey responses, the network risks were ranked according to the frequency that respondents chose them and the result is also presented in Table 2 . Further analyses were performed on the top ten risks, as presented in Table 3 , to identify their likelihood and impact of occurrence on a scale from 1 to 10, where 1 represents the risks that are least likely occur and 10 indicates the most likely occurrence. This finding can be used to alert stakeholders of the risks which they might encounter most often. With this knowledge, they can be better prepared for when risk does occur. Figure 1 provides an overview of the likelihood and impact of each risk and serves to illustrate those risks that must be prioritized first. The risks under the high impact and high likelihood area are: (1) lack of trust and commitment; (2) inaccurate information delivery; (3) different interests and opinions; (4) extensive subcontracting; (5) occurrence of a dispute; (6) lack of coordination and communication; and (7) subcontractor's subcontracting. In subsequent sections, only the first five risks are further discussed as the last two risks were placed close to the borderlines of "5" which indicate "Neutral" in terms of their likelihood and impact. The stakeholders who most contribute to the occurrence of the risks are also discussed together.
Lack of trust and commitment
As shown in Table 3 , the lack of trust and commitment was found to have the highest rating among other risks in terms of likelihood of occurrence. The characteristics of the construction industry which include uniqueness, uncertainty, complexity, schedule pressure, and budget limitations can pose a negative impact on building trust among stakeholders (Cox, Thompson 1997) . While trust is generally established over time after several interactions (Dervitsiotis 2003) , most of the time, individuals involved in construction have had little or no prior experience with working with the other stakeholders. This increases the difficulty in building up trust at the beginning of the project and without trust, it is not possible for stakeholders in the network to develop commitment to others.
Similarly, the impact of lack of trust and commitment was the highest rated risk among the top 10 risks listed. According to Huemer (2004) , trust is very important in the construc- Likelihood Impact tion industry for knowledge transfer and learning. Also, a successful business relationship typically depends on a trust-based relationship (Ferraro 2004) . Without having trust and commitment, stakeholders in the network are less able to achieve cooperative behavior and adaptive organizational forms. A construction project requires a healthy relationship in order to function well. As shown in Table 4 , the stakeholder who most contributed to the lack of trust and commitment was found to be subcontractors, as reported by 54% of the respondents. One of the reasons may be because subcontractors are not directly employed by the client and are only responsible for a minor part of the construction work. This may cause subcontractors to be neglected in the project network. Also, their relationship with their employer, who is usually the contractor, is often a temporary one, and hence they do not recognize the need to develop trust and commitment with other project participants. Nonetheless, in order for the whole project to function well, all parties who are involved in the project should interact regularly and work in close collaboration with the essential parties.
Inaccurate information delivery
Inaccurate information delivery received a rather high rating for probability of occurrence, 6.29, as shown in Table 3 . Due to the availability of a great number of communication technologies, companies have adopted many disparate systems. This can lead to system incompatibility among stakeholders which can affect the quality and reliability of information transfer (Klemetti 2006) . Table 3 shows that the risk of inaccurate information delivery in the network was given a rating of 6. Information is a major asset, and information dependency forms the backbone of the network. According to Howell and Ballard (1997) , the success of the project largely depends on how well the information is managed within the network. With inaccurate information delivery, disputes might occur, more cost and time may be incurred, and eventually project performance may be affected greatly (Hwang, Lim 2013) .
As seen in Table 4 , the developer was listed as the stakeholder who contributes most to inaccurate information delivery. This can be explained by the fact that the developer tends to initiate construction projects, and basic project specifications arise from them. Although designers and the project manager are often the ones who assist the developer in determining the contents of the construction project, the developer is ultimately the final decisionmaker. Unfortunately, sometimes changes made by the developer are disseminated only to the parties working directly for the developer, such as the designers and contractors. Other stakeholders such as subcontractors might be neglected and not receive information that is of concern to them. In addition, when the root cause of information delivery problems is due to incompatible communication systems, there is a high possibility that the whole project will be affected.
Different interests and opinion
Different interests and opinions were ranked as third in both risk likelihood and impact, (Table 3 ) and the contractor was found to contribute most to the occurrence of this risk (Table 4 ). In the construction industry where stakeholders from multi-disciplinary fields are involved, it is difficult to ensure that every interest, opinion and concern is taken into account. The situation is made worse if the collaborating party has an inflexible working behavior. Compromise and cooperation is the best way to ensure a win-win situation where both parties will gain. In order to improve stakeholder management and communication, the common goals, objectives and priorities of the project need to be systematically planned.
Stakeholders will be dissatisfied with the project outcome if their interest and concerns are not properly managed. Project progress might be disrupted when there is not enough endorsement to continue with the project. Failure to support the project can lead to overall project failure. This negative community reaction will likely affect future relationships among the stakeholders as well.
Extensive subcontracting
It is a common practice in the current construction industry to outsource a significant part of the construction work to subcontractors (Eccles 1981) . However, as argued by Bova (1995) , hiring subcontractors can create risk as the main contractor can lose control over subcontractor activities. The analysis results shown in Table 3 confirm Bova's view, indicating that the likelihood and impact of this risk is relatively high. While subcontracting may save time and promote a more efficient method for carrying out the work with specialized skills and labor, contractors need to regularly monitor their subcontractors' work and performance to ensure that everything is operating smoothly and to avoid variances. It is not surprising that the contractor contributes risk in this category as they are in-charge of the construction process and decide which parts of the work to let to subcontractors.
Occurrences of a dispute
Disputes ranked high in terms of their probability and impact, as shown in Table 3 . This risk was found to be relatively closely connected with reports of differences in interests and opinions of stakeholders in the network. In other words, conflicting stakeholder concerns and objectives arise when project participants are not able to reach consensus (McIntosh, McCable 2003) . Furthermore, disputes among stakeholders strain business relationships and are unhealthy for project performance. When conflict occurs, lost trust and commitment often follows quickly. Disputes decelerate the work progress and the lose-lose situation becomes more likely, which can further disrupt the schedule and budget.
Analysis results in Table 4 demonstrate that the designer, contractor and developer share responsibility for dispute risks, as they are the top three stakeholders. Over time, the expectations of the developer have become more stringent, and the current construction industry demands high quality along with reduced delivery schedule and budget. Due to the complex and challenging design that the designer has developed to meet the requirements of the developer, the contractor is naturally motivated to consider and plan for the building's constructability, given the amount of time and budget available. Accomplishing this goal requires constant attention and if no party is willing to compromise, disputes will occur.
Conclusions and recommendations
This study aimed: (1) to explore the attitudes and understanding towards project network management in the Singapore construction environment; (2) to identify critical risks that affect the construction project network; and (3) to determine stakeholders who most contribute to these critical risks. To achieve the objectives, a survey questionnaire was designed and distributed to construction companies and the responses from a total of 33 contractors and subcontractors were analyzed.
The analysis results revealed that most of the respondents were unaware of network management and none of the participating companies implemented network management practices on their construction projects. Similarly, due to the relatively low level of understanding regarding the importance of network risk management, none of them performed any network risk management.
The top ten risks pertaining to the Singapore construction industry were also examined, analysing their likelihood of occurrence and impact. Also, the stakeholders who most contribute to these risks were identified so that managers can work to prevent network risks arising from mismanagement of these stakeholders.
The success of a construction project is greatly dependent on the stakeholders as they are the ones controlling the process and making important decisions. It is vital to build a good relationship and interaction among stakeholders to ensure smooth delivery during any stage of the process. Mismanagement of stakeholders in the network can pose threats to project success. Management needs to have sufficient knowledge to choose an appropriate, effective strategy for network management and network risk management. The findings from this study will help the industry to identify common network risks and to attain better understanding and attitudes towards network management, reducing potential risks that negatively affect project success. Greater awareness of the importance of stakeholder management among practitioners in the industry is a necessary corollary.
Although the objectives of this study were achieved, there are some limitations to conclusions that may be drawn from the results. The results collated from the survey questionnaire might be biased since the sample group only included contractors and subcontractors. Another limitation encountered in this study is that the findings are confined to the company level only. As project delivery methods such as design-bid-build, design-build, and project/construction management at risk or for fee can be one of the factors that influence project network and related management approaches, information at the project level should be collected as well to deepen the understanding of the relationships among network management, network risks and risk management. Furthermore, as the analyses were limited by small samples, caution is warranted when the results are generalized.
For future studies, it is recommended that the study of relationships among more stakeholders, which include contractors and subcontractors as well as owners, designers, consultants, etc. should extend beyond local project participants. As the construction industry commonly collaborates with stakeholders from other countries and employs foreign talent, it is important to study network risks that might occur when cooperating with construction firms from overseas. Also, the development of a severity index should be considered to capture a more holistic picture on the relationship between the likelihood and impact of a particular network risk. This would allow the stakeholders to understand the severity of each network risk and to facilitate them in implementing the appropriate measures to manage the risks and to utilize resources wisely.
